ABSTRACT
INTRODUCTION
With increasing technical complexity and market uncertainties, the firm capability not only depends on the exploitation of current capabilities which involves the refinement of resources and capabilities that are currently available, but also requires the exploration of new capability which involves the acquisition of new knowledge and the improvement of future performance (Ding and Huang, 2010; Choi and Ko, 2012) . Moreover, firms have tried to obtain collaborative advantages by utilizing the interorganizational relationships that synergistic benefits could not be achieved by acting independently, which in turn will significantly affect their technological capabilities and productivity (Hallin et al., 2011; D'Agostino and Santangelo, 2012) . From a dynamic capability perspective, a firm's ability to reconfigure its asset structure plays a significant role in its sustainable capability (Sanders, 2008) . That is to say, firms have to renovate and enhance their technological capability in order to compete with others in the future (Cantwell et al., 2010; Hallin et al., 2011) .
whether overseas R&D has a significant effect on firm productivity is a question that is examined in this article. Thus, it is critical to understand the influences of overseas R&D activities in the local environment so as to respond to local needs quickly and to establish stronger strategic positions in the host country (Im and Rai, 2008; Chuang and Lin, 2010; Choi and Ko, 2012) .
Along with the overseas R&D activities, internal technological capability also has been regarded as an important strategic resource that enables firms to achieve a sustainable capability when they face a changing environment (Lokshin et al., 2008; Athreye et al., 2013) . Firms with more internal technological capabilities can perform better in more turbulent environments, since superior technological capability can help firms achieve greater efficiency gains by pioneering process innovations, as well as higher differentiation by innovating products in response to the changing market environment (Song et al., 2006; D'Agostino and Santangelo, 2012) . Moreover, superior technological capability can accelerate the development of new products in order to reap the pioneer's advantages (D'Agostino and Santangelo, 2012; Athreye et al., 2013) . In other words, internal technological capability can challenge the effects of strategy patterns based on the collaborative relationships in the local environment (Hagedoorn and Wang, 2012) . Therefore, there is a need to develop a comprehensive framework with empirical studies to characterize the interrelationships among the aforementioned factors.
Despite the increasing number of studies that have been conducted to examine the determinants and effect of overseas R&D, our study makes several contributions to the debates on international business and theory of fragmentation. In particular, few studies have examined the moderating effect of internal technological capability on the overseas R&D-productivity relationship. We provide significantly different significant contributions on global outsourcing, with particular emphasis on the effects of overseas R&D based on their local collaborative relationships.
We found that overseas R&D has a significant positive influence on their firm productivity. Moreover, internal technological capability is found to play a significant moderating role in strengthening the influence of overseas R&D on firm productivity. Moreover, our analysis is based on detailed Taiwan firm-level data, combined with data for countries over the 2009-2013 period. The detailed micro data include information on oversea R&D at the firmcountry level. Taiwan is a significant emerging economy in the world and its overseas exploitative and explorative activities have recently grown (Chen and Chen, 2002; 2003; Chuang and Lin, 2011) . The fast growth and success of Taiwan's manufacturing industry has been the existence of a well-articulated subcontracting-based production system. Moreover, Taiwan-based firms have become preferred original equipment manufacturing (OEM) and original design manufacturing (ODM) suppliers of Western brand name MNEs. Finally, we apply system GMM econometric approaches to capture the advantage of panel data, thereby reducing the risk that our results are driven by the methodological approach.
Following on from this Introduction, the remainder of this paper is organized as follows. Section 2 proposes the theoretical framework and hypotheses used in this study. This is followed by Section 3, which provides an introduction to the research methodology adopted in this study, including both the model and the data sources employed in the estimations. The empirical results of the estimations are presented and interpreted in the penultimate section, Section 4, before the paper concludes with some remarks on the findings in Section 5. 
BACKGROUND AND HYPOTHESES
The firm's technical capability has been found to depend not only on the exploitation of existing technological and knowledge assets, but also on the exploration of new capabilities from the external environment (Teece et al., 1997) . Moreover, the interorganizational collaboration has been considered to consist of not only pure transactions, but also of leveraging dispersed core resources and knowledge creation for sustainable capability development (Im and Rai, 2008; Sanders, 2008; Ding and Huang, 2010; Choi and Ko, 2012) . Im and Rai (2008) also show that sharing knowledge in interorganizational relationships enables firms to benefit from exploiting existing competencies and exploring new learning opportunities. Sanders (2008) also argued that engaging in long-term strategic and operational relationships among firms could obtain operational and strategic benefits. Similarly, it is claimed that the external network plays a crucial role in their strategic resources and specific capability building when firms develop their collaborative relationships in local market to respond to local needs quickly and establish stronger strategic positions in host countries (Chuang and Lin, 2010; Hallin et al., 2011). 1 At the same time, the increasing number of studies has found that overseas R&D allows firms to challenge the technology strategies, to accelerate innovation speed and to specialize the capabilities and complementary assets, which in turn has a positive impact on firm productivity. Through the overseas R&D strategy based on local collaborative relationships, firms not only can identify, and assimilate some information on the local market to improve the efficiency of existing technology capabilities in the local market but also can search and acquire for new technology learning opportunities from local environment with abundant technological capacity to augment their technological knowledge or capabilities, thereby obtaining a leading position in the technology field and enhancing their firm productivity (Cantwell et al., 2010; Chuang and Lin, 2010; Hallin et al., 2011) . Therefore, the first hypothesis is as follows:
Hypothesis 1 (H1): The utilization of overseas R&D strategy plays a significant and positive role in terms of enhancing the firm productivity.
Given that overseas R&D strategy in the local environment enhances the firm productivity, does the technological capability challenge this effect? The ability to learn and continually improve the firm's technological capability is path dependent in the sense that the development of future technological capability is constrained by the firm's current capabilities, as well as its learning routines (Teece et al., 1997) . In particular, the extant studies are more ambiguous and inconclusive in terms of the relationships between internal technological capability and external technology strategy (Hagedoorn and Wang, 2012; Athreye et al., 2013) . Some studies showed internal technological capability and external technology sourcing strategy as substitutes.)
2 However, the increasing number of studies has found that the interrelatedness of internal technological capability and external technology strategy in improving a firm's innovation performance (Lokshin et al., 2008; Schmiedeberg, 2008) . To identify, acquire, and assimilate valuable external technological assets, especially tacit technology, to some extent a firm has to possess considerable internal technological capability (Cohen and Levinthal, 1990; Song et al., 2006) in related technological areas.
Moreover, from open innovation views, the utilization of the inflows and outflows of knowledge and technological assets will accelerate innovation pace and expand the markets growth for external use of innovation (Chesbrough, 2003) .
1 For example, Song and Shin (2008) . also found that the local collaborative relationships significantly influence the technology sourcing of overseas R&D labs fr om the host locations.
2 Transaction cost theory has suggested that acquisition of external knowledge and technological assets may substitute internal technological capability Williamson (1985) . Blonigen and Taylor (2000) . Also found a negative relationship between R&D intensity and acquisition activity in high-tech industries.
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Similarly, the interaction of internal technological capability and overseas R&D strategy helps explain why certain firms are more efficient and better productivity than others in using external technology resources in local environment (D'Agostino and Santangelo, 2012; Athreye et al., 2013) . For example, Athreye et al. (2013) found that the firms with abundant internal R&D are superior in assimilating and extending knowledge sourced from the host locations. D'Agostino and Santangelo (2012) showed that R&D labs of OECD-based firms tend to complement the host country R&D with home region knowledge creation. Hervas-Oliver and Albors-Garrigos (2009) also found that the interaction between the internal resources and their external resources enhances innovation performances. Given the above discussion, the second hypothesis is as following.
Hypothesis 2 (H2):
Internal technological capability plays a positive moderating role in strengthen the effects of overseas R&D strategy on firm productivity.
METHODOLOGY
Based on the discussion regarding the influence of oversea R&D on firm performance and the moderating effect of internal technological capability, the Cobb-Douglas production form with degree one can be parameterized as:
,
Where denotes firm , is output, and are respectively capital and labor for firm , are corresponding control variables that will be explained specifically later, and is a parameter. We assume further that productivity will gradually adjust to an equilibrium level, which is assumed to be entirely determined by exogenous variables that can change over time and hence alter the steady-state level continuously.
Letting denote the productivity of firm at time and being the corresponding equilibrium level, then: ,
where , such that , is known as the coefficient of adjustment. Equation (2) shows that the actual change in productivity at time is some fraction of the gap between the equilibrium level and the actual level. Since it is assumed that is not a function of (i.e. the equilibrium level is determined exogenously only), equation (2) assures stability in the model by diminishing the effects of agglomeration when the actual level approximates its equilibrium level. Hence, the observed productivity will gradually adjust to the optimal level via the self-reinforcing effect.
Collecting terms and rearranging them results in: ,
Where lower case letters denote natural logarithms. Equation (3) says that the observed productivity at time is a weighted average of the productivity in the previous period and the desired level at that time. It implies that current productivity attracts further productivity, while the steady-state level is determined by a vector of independent variables, which will be discussed below. In other words, we have: ,
Where is a vector and is the observation on explanatory variables. Here, is a standard unobserved time-invariant subsidiary-specific fixed effect, and is an uncorrelated stochastic error term over all and .
Substituting (4) into (3) yields:
Where , and , and ε is an error term absorbing all other technology factors influencing productivity and measurement error. Equation (5) is a dynamic regression model with a lagged dependent variable, which explains the actual productivity at period with the productivity in the previous period and a set of other explanatory variables. To get rid of the possible endogeneity problem, the system-GMM approach apart from the random effects model provides asymptotically efficient estimators in the case of a dynamic model for a small number of time periods even under a weak assumption regarding the disturbance term and it is robust in the presence of heteroskedasticity across countries and shows a correlation of disturbances within countries over time (Blundell and Bond, 1998; Blundell et al., 2000) . In particular, the panel model allows us to account for the influence of overseas R&D on firm productivity after controlling the overall business cycle, while disentangling the time invariance firm-specific effects and unmeasured firm heterogeneity.
A observations). Table 1 shows the trend of overseas R&D engaged in by firms. A total of 137 of 327 firms (41.89%), on average, have engaged in R&D activities abroad. Interestingly, the number of firms engaging in overseas R&D has been decreasing over the period, while the share of overseas R&D to total R&D has been increasing over the same period. We can thus see the important role that overseas R&D activities play in the firm's innovation strategy. The dependent variable is firm performance which is defined as total factor productivity (TFP). 4 As for the explanatory variables, three types of explanatory variables are employed in this empirical analysis. The first one comprises firm's basic characteristics which are employed to indicate the attribute and the corresponding level of competitiveness. The firm-specific factors include firm size, the capital-labor ratio, human capability, experience of overseas operations, overseas R&D activities, and technological capability. The second one is related to the overseas 3 Firms were asked to indicate their most representative location of overseas activities based on the amount of investment from a list of 18 countries and regions. 4 Many empirical studies adopt firm productivity such as total factor productivity (TFP) and labor productivity to assess the contributions of technological knowledge Cantwell, Dunning and Lundan (2010) . In particular, TFP is a better index to examine firm's productivity than labor productivity. The TFP is calculated as the difference in logs between the value added and the sum of labor and physical capital weighted by the productivity elasticity of labor and capital, which are estimated from Cobb-Douglas production function. The details for computing TFP in this study are provided in Appendix.
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operation characteristics, which account for the host country environment facing a firm. The factors include local demand growth and local technological capacity. Finally, industry dummies are included that control for the difference in technological opportunity in different kinds of industry.
5
Lagged productivity is added to capture the effect of the path-dependence process on dynamic capability. In term of the firm-specific factors, firm size, which is defined in terms of the number of employees, is used to capture the concept of ownership advantage. We expect that, as in the case of FDI theory, firm size will have a positive impact on firm performance. The capital-labor ratio is measured by the ratio of the book value of fixed capital stock to total labor expenditure. Ramstetter (1999) found that firms engaging in overseas operations generally adopt relatively higher capital-intensive production technologies that reflect firm-specific assets. On the other hand, higher capitalintensive production represents highly homogeneous products with lower product differentiation. As a result, the influence of the capital-labor ratio is uncertain. Being defined as the wage rate per capita, human capability captures the concept of absorptive capability, which is the core resource of competitive advantage. Hence, human capability is expected to have a positive impact on firm performance.
The more experience of overseas operations the firm has, the more she will know the local conditions (Iwasa and Odagiri, 2004) . The experience of overseas operations is thus expected to have a positive impact on firm performance. The experience of overseas operations is measured in terms of the years of foreign operations. Overseas R&D is a dummy variable that has a value of one if the firm engages in overseas R&D investment in the host country and a value of zero otherwise. As mentioned in the previous section, we expect there to be a positive relationship between overseas R&D and firm performance. The industry dummy includes the following industries: electrical and electronic machinery and machinery; chemicals and chemical products; rubber and plastic products; primary metal and metal products; textile, apparel, leather and related products; food and beverages; pulp, paper, and paper products; lumber, wood products, and furniture; and miscellaneous. 6 The R&D stock is constructed from the past R&D flows with a depreciation rate of 15% per year.
7 Technology capacity in the host country is defined as the average number of patents applied for by host country to U.S. paten ts in the past three years
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Following Tsai (2004) technological capability is defined as the ratio of firm sale to R&D stock with a constant depreciation rate of 15% per year, indicating that the influence of technological capability is not only affected by current R&D expenditure but also by previous efforts. Technological capability is expected to bring a superior technological capability.
As for the host environment, the local demand growth is defined in terms of the sales growth of the prominent subsidiary. A larger local demand growth reflects a greater opportunity for a firm to exploit its resources and capability. The local demand growth is thus expected to have a positive influence. If firms operate in host countries with abundant capacity for learning technology and/or knowledge, firms will boost their own competitive advantage.
Local technological capacity is thus expected to have a positive impact on firm productivity. Such capacity is measured in terms of the average number of patents granted in the past three years by each host country, according to the U.S. Patent and Trademark Office (USPTO). Finally, the interaction term is employed to capture the moderating effect of technological capability in this empirical analysis.
EMPIRICAL RESULTS
Given the above methodology, dataset and variable selection, Table 3 lists the empirical results using the system GMM approach and random effect model. The estimates in columns (1) and (2) are obtained using the random effects model. It is particularly worth noting that the estimates in the random effects model might be inconsistent when the explanatory variables are assumed to be exogenous rather than endogenous variables. To solve this problem, the system-GMM estimates using the differentiated lagged explanatory variables as instrumental variables are displayed in columns (3) and (4). The Hansen J tests at the bottom of Table 3 are larger than the 5% critical value, indicating that we do not reject the null hypothesis of overidentifying restrictions and show that a proper specification of instruments is valid. Moreover, the results of the Arellano-Bond tests present no second-order serial correlation in the first-differenced residuals. It can thus be clearly seen that our setting for system GMM estimates is suitable.
8
The results are as anticipated and are quite similar to those of previous studies. The estimated coefficient of firm size is positive and significant at the 10% significance level, implying that larger firms have better resources and capability, thus enabling the firms to gain a competitive advantage, and in turn further enhancing their productivity.
The positive coefficient at the 1% statistical level for the capital-labor ratio indicates that the adoption of technology with higher capital intensity often leads to higher technological knowledge. As for human capability, focusing on human capability can often enhance the ability to identify and absorb new information, thereby helps firms better appraise the host environment and the current resources and capability although the effect is not significant here.
Turning to the overseas operations, the positive and significant estimated coefficient at the 5% statistical level
indicates that more overseas experience in terms of knowledge of local markets can help firms to achieve better productivity. As for the host country environment, the positive and significant coefficient of local demand growth at the 10% statistical level implies that a larger local demand growth in the host countries will provide opportunities for firms to exploit their current capability and resources, thereby enhancing their performance. Alternatively, the negative coefficient of local technological capacity implies that there is a negative effect on performance, although the negative effect is not significant here.
Our main concern in this empirical analysis is to assess the effects of the overseas R&D activities on firm productivity and to examine whether the effects are sensitive to firms' technological capability. First, the significant 8 The empirical model includes one-year lagged dependent variable and all independent variables, are treated as endogenous variables to control endogeneity problem in system GMM. One and more year lagged variables (up to two or three lags depending on the length of time periods in model specification) of the endogenous variables are used as instruments in the difference equation, while the current and one-year lagged differences are used in the level equations.
and positive coefficient supports the first hypothesis that higher overseas R&D activities not only raises the efficiency of resources and capability, but also speeds up the pace of new product development, thereby bringing higher firm productivity. Notes: 1. The dependent variable is firm productivity.
2. The numbers in the parentheses are the t statistics.
3. ***, **,* denote significance at the 1%, 5% and 10% levels, respectively.
This result is consistent with the results in previous studies such as Tsai (2004) . Next, the significant and positive coefficient for technological capability suggests that firms with more technological capability will have better productivity. In sum, the empirical indicating that both technological capability and overseas R&D are important determinants for firms to accelerate the pace of new product development, which will increase competitive advantage and lead to better productivity.
As for the moderating effect of technological capability, the positive and significant coefficients at the 1% statistical level imply that technological capability plays a crucial moderating role for the second hypothesis that when firms engage in overseas R&D activities in the host country to raise their firm productivity. These empirical results provide helpful issues that the managers should raise firstly their technological capability and then develop their overseas R&D strategy in the local collaborative environment, because higher technological capability will enable them not only to improve the efficiency of existing capabilities, but also to enhance the effectiveness of new
CONCLUSION
This study has presented an empirical framework to explain how a firm's overseas R&D activities determines its firm productivity and how internal technological capability play a significant moderating effect. To provide more empirical evidence, two corresponding hypotheses are postulated and are empirically tested in this study. Moreover, the analysis takes advantage of the longitudinal dataset compiled by the Ministry of Economic Affairs, Taiwan for 2009-2013. In addition, the system-GMM for panel data model is employed in this empirical analysis due to the problem of endogeneity, for this technique can enable us to provide insightful results regarding the influence of overseas R&D activities on firm productivity over time.
The findings of this study are twofold. First of all, this study has identified our first hypothesis that the utilization of overseas R&D activities has a significantly positive contribution to the firm productivity. It should be borne in mind that such an outcome implies that managers should underscore the importance of developing more overseas R&D to achieve higher productivity. Next, we also found that internal technological capability plays a significant moderating role in strengthening the influence of overseas R&D on firm productivity. In particular, lacking such technological capability will limit the potential for firms not only to identify, search and assimilate some information on the local market but also to acquire for new technology learning opportunities when firms develop the overseas R&D to enhance their productivity. These findings from this research have broadened and deepened our understanding of how firms enhance their competitive advantage and improve their performance.
Although this article provides some interesting results, there are some limitations in this study. First of all, although the sample used in this study is large in size, the time series encompasses only five years (2009) (2010) (2011) (2012) (2013) . This result cannot fully explain the time-dimensional difference across firms since the time period is not long enough.
Secondly, to simplify our discussion, this study does not distinguish overseas R&D between market-oriented and technology-oriented activities in the host country, which constitutes an important step in future research. Thirdly, this study is confined to firms in the manufacturing industry that are suitable for testing our framework. However, this approach also restricts the generalization of our results to some extent. Comparative studies involving firms in other industries such as the services industry would be useful to test the framework. Finally, there is still a long way to go to establish a well-developed and complex construct of technological capability to improve our understanding of the moderating effect of technological capability. Although there are some limitations, this study does still provide some interesting results for managers in the enhancement of their productivity captured by a firm's overseas R&D.
